Abstract-In this paper a hybrid Genetic-Tabu Search Algorithm (GT) is used for tuning the elements of a PID controller which is applied in a Multi Area Load Frequency Control System (MA-LFC). If a large power imbalance is suddenly happened in a multi area power electric system, generation units and also consumer sides will be affected by the distortion in the energy balance between both two sides. This inequality is firstly handled by the kinetic energy of the system turning components, but, eventually, the frequency will change. Therefore, LFC is considered as one of the most challenging issues in power system control and operation. PID type controllers are conventional solutions for MA-LFC. The three parameters of the PID controllers have been adjusted traditionally. In this paper, a PID controller is applied for the MA-LFC problem and then its parts are modified by using GT method. To validate the application of the technique, a multi area network with some uncertainties is provided. Finally the results of the GT-PID controller are compared with the ones of GA optimized controllers. The simulation results show the success and the validity of the GT-PID controller in compare with the GA -PID controller.
I. INTRODUCTION
Increase in the size of electric power systems with interconnected areas is caused to consider the load Frequency control as a critical factor. The LFC is aimed to keep the system frequency of each area and the inter-area tie power in tolerable limits to deal with the fluctuation of load demands and system disturbances. These important functions are delegated to LFC due to the fact that a well-designed power system should keep voltage and frequency in scheduled range while providing an acceptable level of power quality. A wide variety of different advanced control techniques have already been proposed in the literature for LFC. An adaptive decentralized control system has been applied to deal with the MA-LFC power systems [1] . In another technique, the capabilities of the robust control methods have been used for resolving load frequency control problems in [2, 3] . The applications of artificial intelligent (AI) such as artificial neural network, genetic algorithms, Fuzzy Logic and optimal control to LFC have been reported in [4] [5] [6] . The AI methods are aimed to improve the performance but they can make some problems the in practice because of their need to have information about the system states or an online identifier which works efficiently [7] . Meanwhile, PID controllers for LFC were studied because of their ease of use. References [8] and [9] proposed fuzzy PI controllers for LFC of power systems; [10] suggested a method to determine the parameters of a PID controller for LFC in a single area power system by using particle swarm optimization (PSO) and the technique is extended to multi area power system network case [11] . It is revealed that the obtained PID parameters need to be modified to have optimum and desired performance [7] . However, the main reason for such a modification is not proven yet.
In this paper, GT is applied to adjust the parameters of a PID controller for the MA-LFC system. Integral of the Time multiplied Absolute value of the Error (ITAE) is chosen as the performance index. The controller designed by GT is compared with one of the GA method. The simulation results revealed that GT which has been proposed in this paper as an efficient technique for designing a PID controller in a multi-area power system, has a better convergence rate than GA one. Furthermore, the GT-PID controller shows robust control performance in deal with system uncertainties and also under different operating conditions. The remainder of the paper is structured as follows. The system under study and its steady state parameters are described in Section II. The methodology for solving the LFC problem is developed in Section III and in Section IV, the PID controller tuning by using GT is presented. Finally the results and discussions are discussed in Section V.
II. SYSTEM MODEL
In this study, the test system is a four-area electric power system which is shown in Figure. 1. Each area has its own block diagram which is depicted in Figure. 2 [12] .
In Figure 1 . The parameters for the test system are: Ai = Area ith P t i, j = P i, j: Inter area tie power interchange from i area to j area Where: i= 1,2,3,4 j=1, 2, 3, 4 and i j
The block diagram for one area of the system is shown in Figure 2 .
The parameters for the model which is shown in Fig. 2 The inter-area tie power interchange is given by [12] :
where: T 377 (1 X ij) (for a 60HZ system) X ij: Impedance of the transmission line (areas ith and jth)
The ∆P ij and its parts is illustrated in Fig. 3 [12] . The matrices A and B which are used in (2) and also the typical values of the system parameters for the nominal operating condition are given in the appendix.
III. DESIGN METHODOLOGY
As mentioned in the first section of this paper, PID controllers are considered for solving the LFC problem. A hybrid of GA and TS is used to obtain the Parameters of this PID controller. The structure of the PID controllers which is defined in (3) is formed by three parameters.
PID Controller
K P , K I and K D which are the PID controller parameters are obtained by using the GT. The suggested hybrid GT algorithm is different from the other evolutionary algorithms such as GA, SA and ICA due to its quickness in finding a reasonable solution within a relatively short time. This technique, GT, includes two main steps; in the first step, the genetic algorithm X =AX+BU Y=CX samples a large search space, checks the best solutions in parallel, and may lead the finding process towards the most favorable solution area. In the 2 nd step, Tabu search comes into the scene and tries to converge to the globally best solution area. The local search, 1st opt and 2nd opt, are applied to adjust the method towards the global optimal solution. In this section a brief description about the GT algorithm is presented.
Genetic Algorithm
The details of the GA components which are used in this paper are summarized here as follows:
Fitness function
In the proposed GT algorithm, each solution in the search space is passed into the fitness function and a value will be created. The fitness function is then scaled to prevent the premature convergence. Linear scaling is used in our algorithm, which requires linear relationship between the original fitness function and the scaled one [13] .
Crossover
The crossover operation swaps certain parts of the two selected strings in a bid to capture the good parts of old chromosomes and create better offspring. In this paper the window crossover operation is performed between two chromosomes in their binary form.
Mutation
Mutation operation is defined as a random alteration of a value of a string position. The probability of mutation is normally low because a high mutation rate would destroy fit strings and degenerate the genetic algorithm into a random search.
Tabu Search
Tabu Search is known as an efficient method to exit from local optimum points by using a short-term memory of recent solutions. This ability is due to a strategy of forbidding certain moves, which is aimed to classify the certain moves as prohibited or "Tabu". Furthermore, Tabu Search lets backtracking to preceding solutions, which may eventually lead, through a different way, to better solutions.
TS algorithm has two main components which are the Tabu List (TL) restrictions and Aspiration Level (AV) of the solution associated with the recorded moves.
Tabu List (TL)
TL is accomplished by recording moves (trial solutions) in the order in which they are made. Each time a new element is added to the "bottom" of a list, the oldest element on the list is dropped from the "top". TL sizes, which provide good results, often grow with the size of the problem and stronger restrictions are generally coupled with smaller sizes. Best sizes of TL lie in an intermediate range between these extremes. In some applications a simple choice of TL size in a range centered on 7 seems to be quite effective.
Aspiration Criteria (AV)
Another key issue of TS arises when the move under consideration has been found to be tabu. Associated with each entry in the tabu list there is a certain value for the evaluation function called Aspiration Level (AV). Roughly speaking, AV criteria are designed to override tabu status if a move is "good enough".
In the proposed algorithm TS is used to generate new neighbors to randomly selected members of the GA populations. The steps of GT algorithm is shown in Figure 4 . 
IV. PID CONTROLLER USING GT
In this section the PID controllers which have been proposed are tuned by using GT. The PID controllers have three parameters which are symbolized by KP, KI and KD .There is one PID controller for each area hence there are four PID controllers in four areas electric power system and 12 parameters which are tuned. These parameters are obtained by using GT. The system controllers which showed as Gi in Fig. 2 are replaced by PID controllers given in (3) and the optimal values of KP, KI and KD are obtained by using GT. The first step in optimization methods is to determine a well-defined performance index for optimal search. In this study, the Integral of the Time multiplied Absolute value of the Error (ITAE) is considered as the performance index because of the fact that systems which have been designed using this criterion have small overshoots along with well-damped oscillations. ITAE is defined as (4) for this study:
Step 1) Initialize the variables for GA and TS.
Step 2) Generate the initial population for GA.
Step 3) Calculate the objective function for the population.
Step 4) Calculate and scale the fitness function.
Step 5) Check the stopping Criterion.
Step 6) Copy the best members in current population to the new population.
Step 7) Run TS to generate new members in the new population.
Step 8) Generate randomly a few of the neighbor solutions.
Step 9) Calculate fitness function of each neighbor.
Step 10) Sort the neighbors in an ascending order according to their fitness function.
Step 11) Check the TABU List.
Step 12) Check the Aspiration Criteria.
Step 13) Back to GA.
Step 14) Apply GA operators.
Step 15) Check the feasibility of the new population.
where the "t" is the simulation time. It is obvious that the PID controller with the lowest ITAE is better than the other PID controllers. To obtain the optimal values for the parameters of the PID controllers, 10 % step change in ∆P D is assumed and then ITAE which is the performance index is minimized by using GT. It should be noted that the GT is run several times and then optimal set of the parameters is selected. The optimal values of the PID controller parameters which are KP, KI and KD are acquired by using GT and shown in the Table I . In this section the proposed GT-PID controller is applied to the system for LFC. In order to comparison of the proposed method and illustrate the effectiveness of the GT-PID controller, another PID type controller which is tuned by the genetic algorithm is designed and applied to the system. The optimal value of the GA-PID controller parameters are obtained by using GA and shown in the Table II. To study and analysis of the controller robustness and the system response to the uncertainties, three different operating conditions are assumed as follow: To highlight the robustness of the proposed method, ITAE is computed by following the step change in ∆P D at all operating conditions (N, H and VH) and then the results are shown in Tables 3-4 . It is clear from Table III that the performance index for the GT-PID controller, in the nominal operating condition, is 82 % less than the performance index for the GA-PID controller. In addition, for the heavy and very heavy operating conditions the GT-PID controller shows better performance index. In Table IV , it is mentioned that the GT-PID controller, in the nominal operating condition, shows the minimum of the ITAE which is 0.0156; this value is 14.7 % less than the ITAE for the GA-PID controller in the same condition. Also, the GT-PID controller has the better performance index in compare with the GA-PID controller in the heavy and very heavy operating conditions for 5%
Step increase in demand of the1st area (ΔP D1 ) and 10% step increase in demand of the 3rd area. In Table III -IV, it is obvious that the GT-PID controller shows better performance in compare with GA-PID controller under all operating conditions. The ∆ is shown in "pu" in Figure. 5 at normal, serious and hazardous operating conditions for 10 % step change in ∆P D which is the demand of first area. It is obvious that the GT-PID controller has better performance in compare to the GA-PID controller under all operating conditions.
VI. CONCLUSION
In this paper a PID controller which is tuned by the GT has been successfully suggested for the MA-LFC problem. The recommended algorithm was applied to a classic four-area electric power system including system parametric uncertainties as well as different loads condition. Simulation results verified that the PID controllers which are tuned using GT capable to warranty the robustness of stability and operation under a wide range of uncertainties and various states of system and load. Moreover, the simulation results confirmed that the GT-PID controller is fairly robust to changes in the parameters of the systems and it shows much better operation in compare with the GT-PID type controller under three main operating conditions. The PID controller is widely used in practical systems; therefore the paper's results can be applied for the practical MA-LFC systems. The matrices, A and B in (2) , are written as follow: 
